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Description 

[ELECTRICALLY ERASABLE 
PROGRAMMABLE READ ONLY MEMORY 
CELL AND PROGRAMMING METHOD 

THEREOF] 

Background of Invention 

[0001] Field of Invention 

[0002] jhe present invention relates to a memory device and 
programming method thereof, and more particularly, to 
and Electrically Erasable and Programmable Read Only 
Memory (EEPROM) cell and programming method thereof. 

[0003] Description of the Related Art 

[0004] Electrically Erasable and Programmable Read Only Memory 
(EEPROM) serves for multiple data write/ read/ rapid erase 
operations, and the data stored therein stays after supply- 
ing power is off. Therefore, it is a versatile memory device 
that is broadly used in a personal computer and other 
electronic appliances. 



[0005] A silicon nitride ROM is one of tlie common categories of 
EEPROIVI, whose structure is illustrated in FIG. l. Referring 
to FIG. J, the silicon nitride ROM comprises a stacking 
layer 108, formed by silicon oxide tunneling dielectric 
layer 102/ silicon nitride charge trapping layer 104/ silicon 
oxide tunneling dielectric layer 106 sequentially, disposed 
on a substrate 100, a gate conductive layer no over the 
stacking layer 108, and source/ drain regions ll2a and 
ii227 disposed on two sides of the gate conductive layer 
110 in the substrate 100. Applying a bias configuration to 
the source/ drain region ll2a and the gate conductive 
layer iiO to program the EEPROM cell, where electronic 
charges in the substrate JOOare injected to the area 114 of 
the charge trapping layer 104 adjacent to the source/ 
drain region ii2fl via Channel Hot Electron Injection (CHE!) 
effect, and a bit is stored therein.Jun042004Jun042004 
Similarly, the above bias configuration can be applied to 
the source/ drain region ll2b and the gate conductive 
layer iiO for another programming operation, such that 
electronic charges in the substrate iOO are injected to an 
area 116 of the charge trapping layer 104 adjacent of the 
source/ drain region ll2bV\3L CHE! effect, and another bit 
is stored therein. In other words, with programming oper- 



ations in different directions, electronic cliarges are re- 
spectively stored on two sides of the charge trapping layer 
104, I.e. the silicon nitride EEPROM is a memory cell capa- 
ble of two bits, namely 2 Bit/ Cell. 
[0006] However, if a bit is already stored in the area 114 or 116, 
when operating reverse read to the silicon nitride EEPROM 
cell, i.e. a reading direction is opposite to the program- 
ming direction, a 2"^-bit effect might occur. That is, the 
stored bit increases the potential barrier. Therefore a 
threshold voltage of reading operation is increased, and 
further limiting a sensing window between the threshold 
voltages of the two bits stored on two sides of the charge 
trapping layer. 

[0007] Besides, if operating one-side reading to the silicon ni- 
tride EEPROM, then the level of the bit adjacent to the 
source/ drain region ll2b in FIG. l is affected. 

[0008] Referring to FIG. 2A, it illustrates a transfer profile of the 
reading voltage and the threshold voltage level, where the 
horizontal axis represents reading voltage in volts, 
whereas the vertical axis represents threshold voltage 
level in volts. Moreover, the circle and square symbols in 
FIG. 2A respectively represent transfer profiles between the 
reading voltage and the threshold voltage for the right 



hand side and left hand side of the charge trapping layer. 
According to FIG. 2A, since the source/ drain region on the 
right hand side is biased, a potential barrier of the bit 
stored on right hand side in the charge trapping layer is 
negatively affected, i.e. lowered, and thus an effective 
threshold voltage is lowered. Therefore, the threshold 
voltage level of the bit stored on right hand side in the 
charge trapping layer is lower than that of the bit stored 
on left hand side in the charge trapping layer. 
[0009] Referring to FIG. 2B, which is similar to FIG. 2A, where a 

transfer profile between a reading voltage and a threshold 
voltage level is illustrated. What is different in FIG. 2£from 
FIG. 2A is an amount of electronic charges stored on two 
sides of the charge trapping layer, i.e. more electronic 
charges are stored in FIG. 2Bthan FIG. 2A. In FIG. 2B, more 
electrons are stored on two sides of the charge trapping 
layer, yet the effective threshold voltage is still affected by 
whether the adjacent source/ drain regions are biased 
with voltage. That is, the bit stored on right hand side of 
the charge trapping layer is affected by the source/ drain 
region with biased voltage on the right hand side, the ef- 
fective threshold voltage is still lowered, which cannot be 
similar to that of the bit stored on left hand side of the 



charge trapping layer. 
Summary of Invention 

[0010] In the light of the above descriptions, the present inven- 
tion is directed to an Electrically Erasable and Pro- 
grammable Read Only Memory (EEPROM) cell, which pro- 
vides similar threshold voltage levels to the bitsin differ- 
ent charges stored on two sides of a charge trapping layer 
when performing read operation. 

[0011] The present invention is also directed to a programming 
method of an EEPROM, for providing similar effective 
threshold voltage levels to the bits in different charges 
stored on two sides of a charge trapping layer when per- 
forming read operation. 

[0012] According to one embodiment of the present invention, an 
EEPROM cell is provided, wherein the EEPROM cell com- 
prises a stacking layer, a gate conductive layer, a source/ 
drain region, a second source/ drain region, a first pocket 
implant doping region and a second pocket implant dop- 
ing region. The stacking layer is disposed over a sub- 
strate, and the stacking layer comprises a tunneling di- 
electric layer, a charge trapping layer and a block dielec- 
tric layer sequentially. The gate conductive layer is dis- 
posed over the stacking layer. The first source/ drain re- 



gion and the second source/ drain region are respectively 
disposed on two sides of tlie gate conductive layer in the 
substrate. Moreover, the first pocket implant doping re- 
gion is disposed below the stacking layer in the substrate 
being adjacent to the first source/ drain region, and the 
second pocket implant doping region is disposed below 
the stacking layer in the substrate being adjacent to the 
second source/ drain region, where a doping concentra- 
tion of the first pocket implant doping region is different 
from a doping concentration of the second pocket implant 
doping region. 

[0013] According to one embodiment of the present invention, a 
programming method is provided, which is suitable to an 
EEPROM cell. Wherein the EEPROM cell comprises a sub- 
strate, a charge trapping layer, a gate conductive layer, a 
first source/ drain region, a second source/ drain region, 
a first pocket implant doping region and a second pocket 
implant doping region, wherein a dopant concentration of 
the first pocket implant doping region is higher than a 
dopant concentration of the second pocket implant dop- 
ing region. The programming method comprising apply- 
ing a bias configuration to the gate conductive layer and 
the first source/ drain region for performing a first pro- 



gramming, so as to inject electronic cliarges from the 
substrate to the charge trapping layer adjacent to the first 
source/ drain region. Moreover, applying the bias config- 
uration to the gate conductive layer and the second 
source/ drain region for performing a second program- 
ming, so as to inject electronic charges from the substrate 
to the charge trapping layer adjacent to the second 
source/ drain region, wherein an amount of electronic 
charges injected during the first programming is larger 
than an amount of the electronic charges injected during 
the second programming. 
[0014] Since the dopant concentration in the pocket implant 

doping regions are different, when programming the EEP- 
ROM cell, the electronic charges injected to two sides of 
the charge trapping layer are different, such that the 
threshold voltage of the bit stored adjacent to the first 
source/ drain region is higher. Therefore, when applying 
reading voltage to the first source/ drain region for read- 
ing from the EEPROM, the threshold voltage of the bit 
stored adjacent to the first source/ drain region can be 
lowered, whereas the threshold voltages of the bits stored 

on two sides are still similar. 
Brief Description of Drawings 



[0015] FiG.lls a schematic diagram of a cross-sectional view il- 
lustrating a conventional silicon nitride ROM cell. 

[0016] FIG. 2A and 2B are schematic transfer profile diagrams il- 
lustrating reading voltage vs. threshold voltage level of a 
conventional EEPROM cell. 

[001 7] FIG. 3 is a schematic diagram of a cross-sectional view il- 
lustrating an EEPROM cell according to one embodiment 
the present invention. 

[0018] FIG. 4A to 4D are schematic diagrams of cross-sectional 
view illustrating an EEPROM cell under programming op- 
eration according to one embodiment of the present in- 
vention. 
Detailed Description 

[0019] Referring to FIG. 3, it illustrates a schematic diagram of a 
cross-sectional view of an Electrically Erasable and Pro- 
grammable Read Only Memory (EEPROM) cell according to 
one embodiment the present invention. 

[0020] In FIG. 3, the EEPROM cell comprises a substrate 300, a 
stacking layer 302, a gate conductive layer 304, source/ 
drain regions 306a and 306b, pocket implant doing regions 
308a and 308b. 

[0021] Wherein the substrate 300 is exemplary a silicon substrate, 
which can be a P-type silicon substrate or an N-type sili- 



con substrate. The stacking layer 302 is disposed over tlie 
substrate 300, and the stacl<ing layer 302 comprises a tun- 
neling dielectric layer 310, a charge trapping layer 312 and 
a blocking dielectric layer 314 sequentially. Wherein a ma- 
terial of the tunneling dielectric layer 310 is silicon oxide, 
for example, or other appropriate dielectric materials. A 
material of the charge trapping layer 312 \s silicon nitride, 
for example, or other appropriate materials. A material of 
the blocking dielectric layer 314 is silicon oxide, for ex- 
ample, or other appropriate dielectric materials. 

[0022] The gate conductive layer 305 is disposed over the stack- 
ing layer 302, where a material of the gate conductive 
layer 304 comprises poly-silicon, doped poly-silicon or 
other appropriate conductive materials. The source/ drain 
regions 306a and 306b are disposed on two sides of the 
gate conductive Iayer304 in the substrate 300. Wherein a 
dopant type of the source/ drain regions 306a and 306b 
are N-type or P-type, for example, depending on the 
dopant type of the substrate. 

[0023] Moreover, the pocket implant doping region 308a is dis- 
posed below the stacking layer 302 in the substrate 300, 
and is adjacent to the source/ drain region 306a. The 
pocket implant doping region 308b is disposed below the 



stacking layer 302 in tlie substrate, and is adjacent to the 
source/ drain region 306b. 
[0024] It is noted that the doping concentration of the pocket 
implant doping region 308a is different from (preferably 
higher than) that of the pocket implant doping region 
308b, i.e. an asymmetrical pocket implant region is 
formed. With this feature, when programming the EEPROM 
cell, more charges are stored in the part of the charge 
trapping layer 3i2 adjacent to the pocket implant doping 
region 308a, and thus the threshold voltage of the bit 
stored in the region. Wherein different doping concentra- 
tions of the pocket implant doping regions 308a and 308b 
are rendered by different doses or different implant en- 
ergy. Moreover, the dopant type of the pocket implant 
doping regions 308a and 308b is opposite to that of the 
source/ drain regions 306a and 306b, e.g. P-type or N-type 
dopant, which is subject to the dopant type of the source/ 
drain regions 306a and 306b in an embodiment of the 
present invention. When applying a voltage to the source/ 
drain regions 306a or 306b, a depletion region is formed in 
a PN junction between the source/ drain region 306a (or 
306b) and the pocket implant doping region 308a (or 308b), 
where electric filed is strengthened, and electronic 



charges are injected to the charge trapping layer 312 more 
easily. 

[0025] The programming method of the EEPROM cell mentioned 
above is described hereinafter. Referring to FIG. 4A, a pro- 
gramming method of the EEPROM cell comprises perform- 
ing a first programming step with applying a bias config- 
uration to the gate conductive layer 304 and the source/ 
drain region 306a, where electronic charges in the sub- 
strate 300 are injected to an area 316 of the charge trap- 
ping layer 312 adjacent to the source/ drain region 306a 
via channel hot electron injection (CHE!) effect. To be 
more precise, a voltage level applied to the conductive 
layer 304 serves to turn on the channel region 320 between 
the source/ drain regions 306a and 306b. When a bias po- 
tential between the source/ drain regions 306a and 306b is 
substantially high, excess hot electrons are generated in 
the channel region 320 and part of which are injected 
through the tunneling dielectric layer 310 to the area 316 
of the charge trapping layer 3i2 via the edge, and storing 
a bit therein. In an embodiment of the present invention, 
the bias configuration includes applying 10 volts to the 
conductive layer 304, and applying 5 volts to the source/ 
drain region 306a, for example. 



[0026] Thereinafter, operating temptempa second programming 
step, i.e. applying a same bias configuration of tlie con- 
ductive layer 304 and the source/ drain region 306b, where 
electronic charges injected from the substrate 300 to an 
area 318 of the charge trapping layer 312 adjacent to the 
source/ drain region 306by\a channel hot electron injec- 
tion (CHEI) effect, and stored as another bit therein. The 
foregoing programming steps are not arrange in a specific 
order, i.e. a bit can be stored in the are 318 then another 
bit is stored in the are 316. Besides, electronic charges are 
stored in merely one of the areas 316 and 318 of the EEP- 
ROM cell according to an embodiment of the present in- 
vention (shown in FIG. 4B and 4C), or stored in neither of 
the areas 316 nor 318 (shown in FIG. 4D), and thus a 2-bit, 
4-level memory cell is formed. 

[0027] It Is noted that a dopant concentration of the pocket im- 
plant doping region 308a is higher than that of the pocket 
implant doping region 308b, thus an asymmetrical pocket 
implant doping region is formed. Therefore, an amount of 
electronic charges stored in the region 316 is higher than 
that stored in the region 318, i.e. a threshold voltage of 
the region 316 is higher. Therefore, when applying a volt- 
age to the source/ drain region 306a for reading the EEP- 



ROM cell, although an effective threshold voltage level of 
the region 3i6can be lowered, the threshold voltage of 
the region 316 is still raised via the higher dopant concen- 
tration of the pocket implant doping region 308a. Hence, 
when reading from the source drain region 306a, the ef- 
fective threshold voltage that is already lowered in the re- 
gion 316 is similar to that of the region 318. 

[0028] |\/ioreover, as opposed to increasing programming voltage 
or increasing programming time for raising threshold 
voltage of the region 316, a same bias configuration is op- 
erated while different electronic charges are stored. 
Therefore, the programming method of the present in- 
vention is easier, and programming that is needed is 
shorter, as well as programming efficiency is improved. 

[0029] Although the invention has been described with reference 
to a particular embodiment thereof, it will be apparent to 
those skilled in the art that modifications to the described 
embodiment may be made without departing from the 
spirit of the invention. Accordingly, the scope of the in- 
vention will be defined by the attached claims and not by 
the above detailed description. 



